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Abstract   
 
The seasonal dietary composition and estimates of daily consumption rate of Lepidonotothen larseni and 
Gobionotothen marionensis juveniles were obtained for the first time using fish collected near sub-Antarctic Prince 
Edward Islands during April 1999–2003. The diet of L. larseni consisted mainly of pelagic prey, with copepods and 
arrow worms making up the most significant prey groups and accounting for 46% and 40% of prey mass, 
respectively. The diet of G. marionensis was more diverse than that of L. larseni and was composed mainly of 
benthic prey, including bottom-dwelling decapods (Nauticaris marionis) and sedentary polychaetes, which accounted 
for 54% and 30% of prey mass, respectively. During the present study, dietary overlap between juveniles of L. larseni 
and G. marionensis was very low (<5%) indicating that competition for food resources between them was negligible. 
They not only relied on different prey species, both also exhibited different diel feeding regimes. Daily consumption 
rate of L. larseni and G. marionensis juveniles was estimated to be 4.5% and 5.2% of body dry mass, respectively. 
Stomach contents and stable isotope analyses suggested, that both L. larseni and G. marionensis occupy the forth-
trophic level of the sub-Antarctic food web but depend mainly on allochthonous and autochthonous (kelp derived) 
organic matter, respectively. 
 
Introduction 
The sub-Antarctic Prince Edward Archipelago consists of two small isolated islands, Marion and Prince Edward, and 
is located in the southwestern Indian Ocean (46°47 S–37°45 E) directly in the path of the Antarctic Circumpolar 
Current (Pakhomov and Chown 2003). The Prince Edward Islands are a relatively young and thin soiled ecosystem 
with terrestrial and near-shore communities deeply subsidized by the allochthonous input of energy and nutrients 
from surrounding seas (Pakhomov and Chown 2003). Rich benthic (autochthonous) and pelagic (allochthonous) 
production is transferred to the islands  top predators either directly or by means of trophic intermediates. One of the 
most important intermediates known from the Prince Edward Island shelf is the bottom-dwelling shrimp Nauticaris 
marionis (e.g. Perissinotto and McQuaid 1990, 1992; Pakhomov et al. 1999). 
Two small nototheniids, namely Lepidonotothen larseni and Gobionotothen marionensis, are regularly found on the 
shelf of the Prince Edward Islands and other sub-Antarctic islands, occupying a depth range of 0–550 m (Gon and 
Heemstra 1990). At the Prince Edward Islands, their combined density may exceed 0.2 ind m–2 (E.A. Pakhomov, 
unpublished data). In different sites of the Southern Ocean, L. larseni consumes mainly pelagic prey (Targett 1981; 
Daniels 1982; Perissinotto and McQuaid 1992), while the diet of G. marionensis, formerly named as Notothenia 
angustifrons (Targett 1981), is known only from the South Sandwich Islands and South Georgia, where it consumes 
both pelagic and benthic prey (Targett 1981). It was documented that juvenile and adult nototheniid fish may also be 
important in the diet of a variety of top predators and, therefore, they probably represent a further link between 
benthic/pelagic production and higher trophic levels on the sub-Antarctic islands (Chechun 1984; Cooper et al. 1990; 
Cherel et al. 1996; Klages and Bester 1998). 
Only two quantitative studies dealing with the feeding ecology of nototheniid fish on the shelf of the Prince Edward 
Archipelago have been published to date. The feeding habits of three inshore fish species, namely N. coriiceps, N. 
macrocephala (=Paranotothenia magellanica) and Harpagifer georgianus, were investigated on the northeast coast 
of Marion Island (Blankley 1982), as well as the diet of fingerlings of L. larseni (Perissinotto and McQuaid 1992). 
The main aims of this study were: to investigate short-term (stomach analysis) and time-integrated (stable isotope 
signatures) diet of L. larseni and G. marionensis; and to estimate their daily ration on the shelf region of the Prince 
Edward Islands. 
Materials and methods 
 
Samples were collected during four cruises to the Prince Edward Islands onboard the research vessel MV SA 
Agulhas. Overall, four Agassiz trawl (mouth width 1.5 m, mesh size 10 mm) and 20 dredge (mouth width 1 m, mesh 
size 7 mm) hauls were conducted over the shelf area mainly between the Prince Edward Islands during April 1999–
2003 (Fig. 1, Table 1). Sampling gears were deployed at a speed of 1–2 knots and towed on the bottom from 1 min to 
5 min. A single 24-h station was carried out on 5–6 April 2003 with dredge deployed every 4 h (Table 1). Specimens 
were either kept alive for gut evacuation rate experiments, immediately preserved in 6% formaldehyde solution for 
subsequent laboratory analysis or oven-dried for stable-isotope analysis (see below). Overall, 56 specimens of L. 
larseni and 45 specimens of G. marionensis were collected for biological and gut content analyses (Table 1). Species 
were identified using Gon and Heemstra (1990). The size range of the specimens used in this study implied that 
majority of fish were juveniles (Gon and Heemstra 1990). 
 
 
 
Fig. 1  Sampling locations in the vicinity of Marion Island during bottom surveys in April 1999–2003. The filled 
square shows the location where the majority of stations were located according to Table 1. Open and filled triangles 
show station positions for upstream and inter-island POM sampling, respectively 
Table 1  List of stations where fish were collected for diet analyses 
Number of stomachs 
analyzed Date Gear Local time (GMT + 3) 
Sampling depth 
(m) 
Latitude 
(South) 
Longitude 
(East) 
L. larseni G. marionensis 
10 April 
1999 
Agassiz 
trawl 14:35 130 46°51.08  37°55.41  14(0) – 
11 April 
1999 
Agassiz 
trawl 01:00 80 46° 53.01  37°53.01  – 2(2) 
11 April 
1999 
Agassiz 
trawl 03:56 180 46°45.05  37°56.73  1(0) – 
11 April 
1999 
Agassiz 
trawl 19:24 111 46°57.01  37°53.92  5(1) 7(1) 
28 April 
1999 Dredge 13:55 142 46°48.39  37°42.47  1(0) – 
28 April 
1999 Dredge 15:00 107 46°49.69  37°39.98  – 2(0) 
14 April 
2000 Dredge 19:30 135 46°55.18  37°57.86  2(0) – 
16 April 
2000 Dredge 13:37 70 46°52.67  37°53.12  2(0) – 
17 April 
2000 Dredge 09:49 90 46°53.06  37°53.86  – 2(0) 
21 April 
2000 Dredge 14:28 90 46°52.56  37°53.18  1(0) 1(0) 
12 April 
2001 Dredge 19:36 90 46°52.11  37°53.75  1(0) – 
16 April 
2001 Dredge 19:07 85 46°52.14  37°52.69  1(0) – 
30 Mar 
2003 Dredge 20:00 97–110 46°52.93  37°53.95  – 1(0) 
1 April 
2003 Dredge 20:47 100–110 46°52.20  37°53.50  5(0) 4(1) 
3 April 
2003 Dredge 17:15 180 46°47.23  38°03.90  1(0) – 
3 April 
2003 Dredge 22:30 129 46°51.04  37°59.78  1(1) 1(0) 
5 April 
2003 Dredge 17:45 100 46°52.83  37°53.76  9(0) 2(0) 
5 April 
2003 Dredge 22:21 95–105 46°52.90  37°53.75  1(0) 1(0) 
6 April 
2003 Dredge 02:05 106–110 46°52.48  37°53.50  2(0) – 
6 April 
2003 Dredge 06:00 108 46°52.60  37°53.68  2(1) 2(0) 
6 April 
2003 Dredge 10:05 107 46°52.90  37°54.05  – 4(0) 
Number of stomachs 
analyzed Date Gear Local time (GMT + 3) 
Sampling depth 
(m) 
Latitude 
(South) 
Longitude 
(East) 
L. larseni G. marionensis 
6 April 
2003 Dredge 14:30 97–108 46°53.88  37°53.79  5(0) 11(0) 
21 April 
2003 Dredge 10:06 77 46°52.01  37° 52.28  – 2(0) 
21 April 
2003 Dredge 14:30 97–105 46°52.84  37°53.72  2(0) 3(0) 
Total           56(3) 45(4) 
Number of empty stomachs in brackets 
In laboratory, fish were measured [standard length (SL)] to the nearest mm and wet weighed to the nearest 0.1 g and 
stomachs removed. The stomach content of each fish was sorted separately. Prey items were counted, identified to 
species or to the lowest possible taxonomic level using keys published by Branch (1994), Branch et al. (1991a, b) and 
Boltowskoy (1999) and placed in pre-weighed aluminum foil boxes. Both fish and prey items were then oven-dried at 
60°C for 36 h and their dry weight recorded using a Sartorius analytical balance. The mean percentage composition 
by mass and frequency of occurrence of each prey item or category were calculated for each species. The gut fullness 
index (GFI (%)=[prey dry mass/fish dry mass]×100%) was calculated to investigate fish feeding intensity. During the 
stomach content analysis, the digestion state of prey was recorded according to the following scale: (a) fresh prey, (b) 
slightly digested prey and (c) well digested, often not identifiable prey. Diet overlap (DO) was calculated as follows: 
where min r (l,g) is the minimal percent by mass of a prey item r in the stomach of l (L. 
larseni) and g (G. marionensis), and n is the number of prey items common for both fish species (Shorygin 1952). 
During the 24-h station, when numbers permitted, fish were used for gut evacuation rate experiments (GERE). Two 
GERE were performed for G. marionensis, while a single GERE was conducted for L. larseni. Three to six live fish 
were gently introduced into a 200-l container filled with surface seawater pre-screened through a 200- m mesh. Fish 
were incubated in darkness for at least four hours at an ambient temperature of 6±0.5°C on the deck. The remaining 
fish were immediately preserved in 6% formaldehyde solution for gut content analysis at the beginning of the 
experiment (T0). From the container, one to two fish were sacrificed and preserved every hour for the first two hours 
and every 2 h thereafter. Gut contents were analyzed as described above. The gut evacuation rate constant (k, h–1) was 
derived from the slope of the regression of the natural logarithm of GFIs versus time. The daily ration was estimated 
using Baikov s relationship: DR (percentage of body dry wt day–1)=24×G×k (Eggers 1977), where G is the average 
value of GFI over 24-h, expressed as percentage of body dry weight, and k is the gut evacuation rate constant. 
For stable isotope analysis, ten fish were collected (five L. larseni with SL=50–89 mm and five G. marionensis with 
SL=47–114 mm) during the 24-h station near Marion Island (Fig. 1, Table 1). A sample of muscle tissue was 
collected from each specimen, oven-dried for 36 h at 50°C and then ground and homogenized. Samples were neither 
decalcified nor defatted. Ten particulate organic matter (POM) samples were collected in the upstream and inter-
island areas of the Prince Edward Islands (Fig. 1) by filtering 5–10 l of surface water (n=5 for each region) through 
pre-combusted GFF filters (at <5 cm Hg), followed by manual removal of all visible zooplankton and other 
contaminants under a dissecting microscope (×120 magnification). In addition, a single fresh kelp sample as well as 
seven decaying kelp samples were collected and processed as described above. 13C and 15N determination (for 
fresh kelp sample, only 13C was measured) was carried out on a Micromass Isoprime mass spectrometer after 
sample combustion in an on-line Eurovector preparation unit. Leucine and glycene were used as internal standards 
calibrated against several International Atomic Energy Agency reference materials. Results were expressed in the 
standard data notation as  where X is the element in question and R is the 
ratio of the heavy over the light isotope. Repeated analyses of homogeneous material yielded a standard deviation of 
0.1   
Results 
 
Fish biology and diet composition 
 
Standard length of L. larseni juveniles (= L. larseni from now on) analyzed for stomach contents ranged from 40 mm 
to 87 mm with the majority of fish between 46–62 mm (Fig. 2). Standard length of G. marionensis juveniles (= G. 
marionensis) ranged between 39 mm and 114 mm, with the size 40–66 mm making up the largest proportion of fish 
analyzed for stomach contents (Fig. 2). Relationships between the SL and wet/dry mass for both species are presented 
in Fig. 2. 
 
 
 
Fig. 2  Length frequency distribution and relationships between fish standard length (SL) and wet (circles) and dry 
(triangles) mass of Lepidonotothen larseni and Gobionotothen marionensis near Marion Island during April 1999–
2003 
 
There was a remarkable consistency in the diet composition during different years (not presented here) in each 
species, which allowed pooling data for further analyses. Overall, the diet of L. larseni during April 1999–2003 
consisted mainly of pelagic prey with copepods and arrow worms being the most significant prey groups, accounting 
for 46% and 40% of prey mass, respectively (Table 2). Among the copepods, small calanoids of genera 
Clausocalanus, Microcalanus and Ctenocalanus were most frequently found and constituted approximately 30% of 
the prey mass. Small calanoids were extremely numerous reaching up to 150–350 individuals per stomach, thus 
predominating in the diet of L. larseni by numbers. Among the arrow worms, Sagitta gazellae was the most important 
species (Table 2). Euphausiids and gammarids were the third and the fourth prey groups contributing ~8% and ~5% 
to the food mass, respectively (Table 2). The diet composition changed considerably in relation to fish size (Fig. 3). 
L. larseni 40–49 mm SL consumed mainly small- and medium-sized copepods and small arrow worm Eukrohnia 
hamata (Fig. 3a). The copepod contribution remained important (range 22–61%) across the studied size range of L. 
larseni, peaking in the size class 50–59 mm (Fig. 3a). In fish larger than 60 mm, the dietary contribution of the larger 
arrow worm S. gazellae sharply increased (48–69%). Euphausiids were important only in the diet of fish with SL 50–
59 mm (Fig. 3a). Although only three (5%) empty stomachs were found, the feeding intensity of L. larseni was low 
with an average GFI of <1% of body dry mass (Table 2). 
 
 
 
 
Table 2  Diet of Lepidonotothen larseni and Gobionotothen marionensis juveniles in the vicinity of Marion Island 
during April 1999–2003 
 
L. larseni G. marionensis Prey items 
F M F M 
Copepoda 
 Cyclopoids and harpacticoids 34.0 3.2 46.3 5.3 
 Small calanoidsa 64.2 30.0 17.1 0.3 
 Calanus simillimus 5.7 0.2 – – 
 Metridia lucens 35.8 6.6 – – 
 Pleuromamma abdominalis 17.0 4.6 – – 
 Rhincalanus gigas 1.9 0.1 – – 
 Aetideus armatus 3.8 1.1 – – 
 Paraeuchaeta sp. 1.9 0.3 – – 
Ostracoda 22.6 1.0 4.9 <0.1 
Euphausiacea 
 Euphausia vallentini 1.9 5.5 – – 
 Thysanoessa sp. 1.9 0.1 – – 
 Unidentified 5.7 1.3 – – 
Hyperiidae 
 Hyperiella sp. 1.9 <0.1 – – 
Gammaridea 
 Leucothoe sp. 22.6 4.4 17.1 0.5 
 Pseudochromene coatsi – – 4.9 5.0 
 Gnathiphimedia sp. – – 2.4 0.2 
 Gitanopsis sp. – – 2.4 0.8 
 Unidentified 7.6 0.2 12.2 1.2 
Tanaidacea 
 Pseudonototanais werthi – – 2.4 0.1 
 Nototanais antarcticus – – 2.4 <0.1 
 Unidentified 15.1 0.2 2.4 0.1 
Isopoda 
 Neastacilla marionensis – – 2.4 0.6 
 Dynamenella sp. – – 2.4 <0.1 
 Munna sp. – – 9.8 0.1 
 Unidentified 1.9 0.1 4.9 <0.1 
Decapoda 
 Nauticaris marionis – – 17.1 51.8 
 Paguroides inarmatus – – 2.4 0.8 
 Halicarcinus planatus – – 2.4 0.6 
 Unidentified Crustaceans 3.8 0.8 7.3 0.2 
L. larseni G. marionensis Prey items 
F M F M 
Mollusca 
 Skenella edwardiensis – – 29.3 0.4 
 Yoldiela profundorum – – 9.8 0.5 
 Limacina retroversa 5.7 0.4 2.4 <0.1 
Polychaeta 
 Eulagisca corrientis – – 2.4 1.1 
 Thelepus extensus – – 2.4 1.6 
 Rhynchospio glutaea – – 2.4 0.1 
 Polycirrus hamiltoni – – 4.9 4.9 
 Polycirrus sp. – – 34.1 22.2 
 Nereididae – – 4.9 0.3 
Chaetognatha 
 Eukrohnia hamata 26.4 7.4 – – 
 Sagitta gazellae 15.1 32.1 – – 
Tunicata 
 Salpa thompsoni 5.7 0.2 – – 
Siphonophora 1.9 0.1 – – 
Bryozoa – – 4.9 0.2 
Phaeophyta – – 22.0 0.7 
Sediments, sand, stones – – 35.8 1.6 
Digested food 1.9 0.1 4.9 0.9 
Number of stomachs analyzed 56 45 
Number of stomachs with prey (percentage of total) 53(94.6) 31 (91.1) 
Mean gut fullness index (percentage of body mass, ±SD) 0.95±0.83 1.44±1.62 
 
F frequency of occurrence (%); M percentage by mass (%) 
aSmall calanoids include genera Clausocalanus, Microcalanus and Ctenocalanus 
 
 
Fig. 3  Ontogenetic changes in the diet of L. larseni (a) and G. marionensis (b) near Marion Island during April 
1999–2003 
The diet of G. marionensis during April of 1999–2003 was more diverse than the diet of L. larseni and was composed 
mainly of benthic prey (Table 2). Two main prey groups were identified, namely bottom dwelling decapods and 
polychaetes, which attained 54% and 30% of prey mass, respectively (Table 2). The caridean shrimp N. marionis 
accounted for 96% of the decapod prey by mass, despite it was found in only 17% of stomachs. Although several 
species of sedentary polychaetes were identified, chaetae of the genus Polycirrus accounted for the majority of the 
polychaetes consumed in terms of frequency of occurrence and mass (Table 2). Small cyclopoid and harpacticoid 
copepods were the most frequent prey in the diet of G. marionensis. Furthermore, they were the most numerous prey 
items reaching sometimes 100–300 individuals per stomach. Nevertheless, their contribution by mass was negligible 
(~5%, Table 2). It was noteworthy that in stomachs where small copepods were found, algal remains, other 
crustacean groups (e.g. small gammarids, tanaidaceans and isopods) and sediments with sand particles and minute 
stones were often also well represented (Table 2). 
Similar to L. larseni, G. marionensis exhibited an ontogenetic shift in their diet. Small and numerous cyclopoids and 
harpacticoids predominated (ca. 72% by mass) in the diet of fish specimen with SL<50 mm (Fig. 3b). Small copepods 
were almost entirely replaced by gammarids (~66%) in the size group 49–58 mm, which then gradually disappeared 
from the diet of G. marionensis>80 mm (Fig. 3b). In the diet of fish larger than 60 mm, bottom-dwelling polychaetes 
(up to 30–35%) and decapod N. marionis (up to 60–99%) became significantly more abundant. From about 70 mm 
SL, G. marionensis consistently consumed either N. marionis or a mixture of N. marionis and sedentary polychaetes 
(Fig. 3b). Almost 9% of stomachs analyzed were empty and the average GFI was 1.44% of body dry mass (Table 2). 
 
 
Feeding dynamics 
 
Throughout the 24-h cycle, GFIs in L. larseni varied between <0.1 and 3.2% of body dry mass. Fresh prey items were 
recorded in stomachs of L. larseni throughout the 24-h cycle. However, the largest contribution (50–99% of total) of 
the undigested or slightly digested prey was observed during evening hours. This coincided with the highest GFIs 
suggesting that the peak of feeding activity of L. larseni occurred during dark hours (Fig. 4a). The gut evacuation rate 
constant (k) of L. larseni estimated during the 24-h station was 0.24 h–1, which is equivalent to a gut passage time of 
4.2 h (Fig. 4b). The average GFI during the 24-h station was 0.78% of body mass. Hence, daily food consumption of 
L. larseni was equivalent to 4.5% of body dry mass. 
 
Fig. 4  Diel variability in the gut fullness index and gut evacuation rate of L. larseni (a, b, respectively) and G. 
marionensis (c, d) near Marion Island during April 1999–2003. Thick, black bars on the upper axis indicate periods 
of darkness. A polynomial (y=b+c1x+c2x2+c3x3 +···+c6x6) and an exponential (y=cebx) equations calculating the least 
squares fit through points were used to fit diel variability and gut evacuation rate data, respectively. 
 
The feeding intensity of G. marionensis varied substantially, between <0.1% and 7.9% of body dry mass, throughout 
the 24-h cycle (Fig. 4). Similarly to L. larseni, fresh prey was noted in the stomachs of G. marionensis throughout the 
24-h cycle. However, the highest contribution of fresh and slightly digested prey (ca. 40–90% of total) in stomachs of 
G. marionensis was observed during the daytime coupled to an increase in GFIs (Fig. 4c). The average GFI during 
the 24-h station was 0.94% of body mass. The gut evacuation rate constant (k) and gut passage time appeared to be 
similar to L. larseni, ranging from 0.2 to 0.25 h–1 and from 4 h to 5 h, respectively (Fig. 4d). The daily ration of G. 
marionensis varied between 4.6% and 5.7% of body dry mass, with an average of 5.2% of body dry mass. 
Stable isotope signatures 
 
Surface POM samples from the upstream and inter-island regions of the Prince Edward Islands had overlapping 15N 
values (–2.17±1.3  and –1.09±0.7 , respectively), while 13C signatures in the inter-island region (–0.54±0.2 ) 
were significantly (P<0.005) higher than those from the upstream region (–23.43±0.6 ) (Fig. 5). Assuming that the 
inter-island POM consists of two major sources, e.g. phytoplankton and kelp and using a two-source mixing model, 
the contribution of the kelp derived carbon into the surface inter-island POM should be ~32%. A single fresh kelp 
13C signature was –14.41 , while average decaying kelp 13C and 15N signatures were –20.83±2.68 and 
3.59±2.08 , respectively (Fig. 5). 
 
 Fig. 5  Stable carbon- and nitrogen-isotope signatures of L. larseni, small and large G. marionensis near Marion 
Island as well as decaying kelp and surface particulate organic matter (POM) collected upstream of and between the 
Prince Edward Islands during April 2003. The upper panel shows stable carbon-isotope values of POM and fresh kelp 
collected in April and May 1999 (from Kaehler et al. 2000). L.l.: L. larseni, SL=50–89 mm; G.m.—s: G. marionensis 
small, SL=47–54 mm; G.m.—l: G. marionensis large, SL=110–114 mm. Dotted lines indicate possible pathways 
assuming average enrichment of 1  and 3.4  per one trophic level in 13C and 15N, respectively (Vander Zanden 
and Rasmussen 2001). 
Carbon and nitrogen stable isotope signatures of L. larseni 50–89 mm SL varied between –22.4  and –21.7  
(average –22.1±0.4 ) and between 6.5 and 8.6  (7.2±0.8 ), respectively (Fig. 5). Carbon stable isotope values of 
small G. marionensis (SL=47–54 mm) ranged from –21.2 to –20.0  with an average of –20.6±0.6 , while those of 
large specimens (SL=110–114 mm) ranged from –18.8  to –17.8 , average –18.3±0.7 . Similarly, nitrogen 
stable isotope values of small and large G. marionensis ranged from 7.8  to 9.1  (average 8.5±0.6 ) and from 
9.8  to 11.1  (10.4±0.9 ), respectively. One way ANOVA showed significant differences (P<0.05 in all cases) 
in both carbon and nitrogen stable isotope values between L. larseni < small G. marionensis < large G. marionensis 
(Fig. 5). 
Discussion 
The two fish species occupy overlapping habitats and during the current investigation were often sampled together 
within the depth range 90–110 m (Table 1). Furthermore, both species were generally of similar size and caught on 
the bottom. There is virtually no information on actual density and distribution patterns of both species on the Prince 
Edward Island shelf. During this study, the combined density of the two species could reach 0.2 ind. m–2 based on the 
number of sampled fish and average estimated swept area (Pakhomov, unpublished data). However, both species are 
known to be important members of shelf fish-communities elsewhere. For example, on the shelf of South Georgia, 
South Sandwich and South Orkney Islands, L. larseni dominates the fish community (>35% by number and biomass) 
within the depth range of 93–305 m. Similarly, G. marionensis is the most important species (>53% by numbers and 
>35% by biomass) in the fish assemblage found between 15 m and 90 m (Targett 1981). Although near Marion 
Island, we caught L. larseni and G. marionensis together, elsewhere they showed distinct vertical segregation 
explained by the apparent strong competition for limited food resources (Targett 1981). 
During the present study, dietary overlap between L. larseni and G. marionensis was very low and on average did not 
exceed 5% (Table 2). It was substantial among the smallest size groups (<50 mm) of both species but even then 
reached only 26% (Fig. 3). There was virtually no overlap in the diet of L. larseni and G. marionensis larger than 
60 mm. Indeed, the feeding habits of the two species largely differed, with L. larseni feeding primarily on plankton 
and G. marionensis depending heavily on benthic prey. In addition, L. larseni was largely a nocturnal feeder, while 
G. marionensis generally fed diurnally, suggesting that competition for food resources between L. larseni and G. 
marionensis was virtually absent. 
Gobionotothen marionensis likely used visual cues during its feeding and fed on the bottom. Small G. marionensis 
appeared to pick similar, numerous prey items (small cyclopoids and harpacticoids) from the decaying organic matter 
on the bottom. The presence of algal pieces as well as sand particles and tiny stones supports this hypothesis. Larger 
specimens of G. marionensis (>70 mm) became ambush predators, as suggested by the sudden change in the dietary 
composition and frequent appearance in the stomachs of a single and/or monospecific prey. Although L. larseni may 
complement its diet with small cyclopoids and harpacticoids as well as amphipods taken near the bottom, it was a 
truly opportunistic plankton feeder, which likely leaves the bottom during the night to feed in the water column. This 
is supported by the absence of L. larseni in night hauls, as well as by previous nocturnal observations of L. larseni in 
the vicinity of sea surface (Barrera Oro and Tomo 1987). 
Overall, with minor exceptions, diet of both species is similar to that described from other regions of the Southern 
Ocean. For example, L. larseni was a plankton feeder consuming mainly Antarctic krill Euphausia superba, 
benthopelagic mysids, copepods and hyperiids on the shelf of South Georgia, South Sandwich, South Shetland and 
South Orkney Islands (Targett 1981; Daniels 1982; Barrera Oro and Tomo 1987; McKenna 1991; Pakhomov and 
Pankratov 1994; Tarverdieva et al. 1996). On the South Georgia shelf and near the South Sandwich Islands, G. 
marionensis <120 mm SL fed mainly upon Antarctic krill and mysids, while larger fish consumed mostly benthic 
prey, including gammarids, isopods and sedentary polychaetes (Targett 1981). G. marionensis was thus a truly 
benthic feeder at Marion Island as well, where its diet relied mostly on the decapod N. marionis, which is considered 
an important vehicle in energy transfer between benthic/pelagic production and top predators (Perissinotto and 
McQuaid 1990; Pakhomov et al. 1999). 
Stable isotope results show that both species occupy the same trophic level (Fig. 5). However, the projected trophic 
pathway of L. larseni indicates that this species depends mainly upon allochthonous (open-ocean) organic matter 
(Fig. 5). The other extreme are large G. marionensis, which seem to utilize mostly autochthonous organic matter from 
decaying kelp with insignificant contribution of allochthonous organic matter (Fig. 5). Finally, the small specimens of 
G. marionensis appear to incorporate both allochthonous and autochthonous (e.g. decaying kelp) organic matter in its 
food chain. Using a simple mixing model for a two-source system (Bustamante et al. 1996), the primary source of 
carbon at the base of small G. marionensis food chain could consists of ~67% allochthonous (upstream POM) and 
~33% of autochthonous (decaying kelp) organic matter (Fig. 5). The virtual absence of pelagic prey in the stomachs 
of G. marionensis suggests that allochthonous organic matter may have to be first incorporated into the inter-island 
benthos. This is in agreement with a previous study, which highlighted the importance of kelp detritus as a food 
source in a variety of inter-island ecosystems (Kaehler et al. 2000). Overall, time integrated stable isotope signatures 
appeared to be in good agreement with the results obtained using gut content analyses. 
There is limited information on diel feeding patterns of both species. No distinct diel pattern in the feeding of L. 
larseni and G. marionensis has been observed near South Georgia, the South Orkney and South Sandwich Islands 
(Targett 1981). Nevertheless, Shandikov (1986) showed that feeding activity of L. tchizh (= L. larseni) increased 
during early night and morning. L. tchizh appeared to feed throughout the 24-h cycle, because freshly consumed prey 
items were constantly present in the stomachs (Shandikov 1986). This is in good agreement with our dietary analyses. 
Our k values appeared to be ten times greater than those for L. larseni (k=0.027 h–1, gut passage time 37 h) and G. 
marionensis (k=0.049 h–1, gut passage time 20 h) estimated from South Georgia and other Antarctic islands (Targett 
1981). The gut evacuation rates are clearly temperature-dependent and, in the Antarctic, gut passage time may reach 
36 h to 48 h (R.E. Grawford, unpublished data). However, daily ration estimated in this study appeared to be only 2–5 
times higher than those of L. larseni and G. marionensis (range 1–2% of body mass) estimated in colder, Antarctic 
regions (G.E. Grawford, unpublished data; Targett 1981). 
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